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General and the organization was divided into a Topographical Branch, which did the detailed surveying and produced maps, and a Trigonometrical Branch which was concerned with the framework of the survey and its various scientific offshoots, including triangulation, levelling, astronomical observa tions for latitude, longitude and azimuth, gravity measurement and the measurement and analysis of the tides. For all but one year of his career in the survey Lenox-Conyngham was a member of the Trigonometrical Branch. The survey had carried through the immense task of observing and reducing a system of triangulation covering the whole of India. The results of this, and the associated work of levelling and astronomical observation, were being published in the long series of large, black, quarto volumes which may well prove to be one of the most permanent memorials of British rule in India.
The observations included an extensive series of measurements of longi tude along parallels of latitude intended to determine the curvature of the geoid in a direction perpendicular to that given by the older observations of latitude. These longitudes had been determined with great care with the aid of the electric telegraph, but showed puzzling discrepancies. In 1889 Captain S. G. Burrard was about to take up these observations again with the object of extending them and trying to find the cause of the discrepancies. LenoxConyngham became his assistant, and in October, 1889, the two set out with two transit instruments to determine a series of differences of longitude. In his obituary notice of Burrard, Lenox-Conyngham has given a graphic des cription of how, at a meeting in Agra, to determine their relative personal equation, Burrard suggested the cause of the trouble. A detailed account of the matter has been given by General J . T. Walker (Phil. Trans. A, 186, 1895) and in Vol. 15 of the Account of the operations of the Great Trigonometrical Survey of India; it is sufficient here to say that the trouble lay in the collimator not illuminating the whole of the telescope objective. Imperfections in the figure of the lenses or errors in focusing then introduce an error in the deter mination of the line of collimation and a discrepancy on reversing the tele scope. Reversing the telescope was a considerable operation* and was only done three times in six nights' observations; the error was, therefore, not removed from each night's observations by reversal. For some now unaccoun table reason the observations had been reduced in such a way that those for the two positions of the telescope had not equal weight and some part of the collimation error had, therefore, appeared in the final longitudes. Experi ments and the recomputation of the older observations during the summer of 1890 left no doubt of the correctness of the explanation, and showed that differences of longitude could be satisfactorily measured with portable instruments.
The collaboration with Burrard led to a friendship that lasted till he died * Lenox-Conyngham wrote 'The older instruments which had been used hitherto could only be reversed by being lifted on a sort of cradle by four men, carried outside the observatory tent and, after a kind of countermarch, brought in again and replaced on the supports with the east pivot where the west had been. With well drilled men the change was made very smoothly and without jar or shake.* in 1943 and was one of the main influences in the development of Lenox-C onyngham 's scientific interests. He wrote in 1944: 'T h at partnership and friendship I look back upon with a satisfaction and gratitude th at cannot be adequately expressed in words. It was an inestimable privilege to be in such constant and close touch with B urrard's clear mind, his penetrating intelli gence and, above all perhaps, with the delightful hum our of his conversation. I have never known any one whose talk was so interesting or of whom it could be said with more truth th at every word he spoke came fresh-minted from his mind. To work with him was an unending source of pleasure and refreshment. ' In November 1890 Lenox-Conyngham m arried Elsie M argaret, the eldest daughter of Surgeon General Sir A. Frederick Bradshaw, K.C.B., K .H .P., who later became head of the Army M edical Service in India. They had one daughter, Enid. Both were twenty-four years of age when they m arried, and both attained the age of ninety. In her younger days Lady Lenox-Conyngham accompanied her husband on his field trips, and in this way they visited many out-of-the-way parts of India. M any friends remember with gratitude the kindly hospitality that he and Lady Lenox-Conyngham dispensed for so m any years both in India and at Cambridge.
The years 1891-1894 were spent in observations of latitude and longitude at m any places in all parts of India. The Talcott method of finding latitude was here employed in India for the first time.
In 1894 B urrard and Lenox-Conyngham undertook a redeterm ination of the longitude of India relative to Greenwich. The value then in use was an old one based on observations made in 1815 before the telegraph was avail able. Although a connexion existed via the submarine cable to Aden and Suez it was decided to make a new start using the land line across Europe and Persia. In those days the Government of India owned and worked the submarine cables connecting K arachi with Bushire and also the land line from Bushire to Teheran, and the Indo-European During the winter of 1898-1899 Lenox-Conyngham was engaged in making observations of latitude and azimuth at points in the neighbourhood of Kalianpur. This was the last occasion on which the 24 in. theodolite with five microscopes and Colonel Strang's very large zenith sector were used. Kalianpur was the origin of the Indian triangulation and it was thought that it would be better to base the direction of the vertical there on the mean of observations at a group of nearby stations rather than entirely on observations at the origin itself. This would be the better course if the deflexions of the vertical were substantially uncorrelated over the distances that separated the origin from the subsidiary stations. This was at that time believed to be so, the belief having arisen from the discussion by Archdeacon Pratt of Calcutta of the latitude observations of Everest and Waugh. Pratt had shown that the attraction of even so great a feature as the Himalayas fell off rapidly to the southward and suggested that this was due to a 'root' of relatively light material beneath the mountains. If the effect of so great a feature was negli gible at a distance of a few hundred miles it was natural to suppose that lesser features would have lesser and more local effects and that deflexions of the vertical could be treated as independent random errors. In fact the observa tions showed that the relative deflexions of the vertical between K alianpur and the surrounding stations were small.
At about this time Burrard began a scrutiny of the substantial collection of observations of latitude acquired by the Survey over nearly a century. He concluded that the deflexions in north India were far from uncorrelated and were arranged systematically in zones parallel to the mountains. He ascribed them to the attraction of a 'hidden range' to the south of the Gangetic plain.
The most direct method of locating such a hidden mass is by the measure ment of the acceleration due to gravity. It was, therefore, decided to take up again the pendulum observations that had been abandoned after the death of Basevi in 1871, while working with the Royal Society's pendulums at a 132 Biographical Memoirs height of over 15 000 ft. in the Himalayas. Like most measurements of grav ity m ade during the nineteenth century, those of Basevi and Heaviside were subject to large errors from the effects of the sway of the support on which they were swung. M ethods for measuring this correction had been devised by R . Schum ann of the Prussian Geodetic Institute at Potsdam and it was decided to seek the advice of F. R. Helmert, the director of th at Institute. H elm ert recommended the purchase of an apparatus with four half-second pendulum s designed by von Sterneck of Vienna, and offered to have it modified at Potsdam and to determine the constants of the pendulums.
B urrard and Lenox-Conyngham visited Potsdam while on leave in 1902. They had met H elm ert and his staff during the longitude observations of 1895 and were well received and instructed in the use of the equipment. This visit made a considerable impression on Lenox-Conyngham, and led him thirty years later to arrange for the present writer to visit Potsdam very shortly after becoming his assistant.
O n returning to England the pressure and tem perature coefficients of the pendulums were redeterm ined at Kew Observatory with the assistance of the then recently formed N ational Physical Laboratory. The results agreed well with those obtained at Potsdam. Observations were then made at Kew and at Greenwich partly to connect the two observatories and partly to pro vide a base for the Indian observations. In the published report on the Indian observations these measurements in England are discussed in considerable detail, the densities of the rocks being considered in an appendix by A. Strahan. This appendix contains a discussion of the form of the Palaeozoic floor of south-east England which was of great use when the study of the floor was taken up in Lenox-Conyngham's Cambridge departm ent in the 1930s.
From 1903 to 1908, that is from the age of thirty-seven to forty-two, Lenox-Conyngham was engaged in the series of gravity measurements in India which is perhaps his most im portant contribution to science. The pendulums were timed by a clock which was rated by astronomical observa tions with a transit instrument, and no precaution was omitted that could improve the accuracy of the results. Year after year Lenox-Conyngham and his cavalcade of over a hundred assistants, servants and porters wended their way along lines running from the plains high up into the Himalayas and back again. They obtained thirty-nine values of the gravitational acceleration including one at a height of nearly 12 000 ft. at Sandakphu near Darjeeling.
The results are described in great detail in Professional Paper No. 10 of the Survey of India. A small excess of gravity was found over Burrard's 'hidden range' and a much larger deficit on the plain nearer the mountains. The dis cussion of the results is brief and does not attem pt to relate them to the struc ture and history of the region. No mention is made of the papers of C. S. Middlemiss of the Geological Survey of India who had regarded the Gangetic plain as marking the site of a 'foredeep' of the Himalayas. The geologists for the most p art seem either to have ignored, or to have misunderstood, the i g4
Biographical Memoirs results, though the omniscient Suess mentions them in his discussion of the foredeep of the Himalayas in Vol. 4 of The face of the earth, published a few years later. The failure of collaboration between the geologists and geodesists in India was an unfortunate feature in the development of the earth sciences all over the world and one whose effects are still felt. I have the impression that Lenox-Conyngham did not wish, at that time, to say that Burrard's 'hidden range' was not the main feature and that both the deflexions of the vertical and the gravity anomalies were due mainly to a great thickness of light sediments further north. Later both he and Burrard made this quite clear; for example, in 1931 he wrote 'The pendulums do not reveal any great excess of mass where the hidden range was supposed to be, but they show that there is a great defect of mass all along the foot of the Himalayas and for some distance from them.' This strip of negative gravity anomalies and defi cient density is, I believe, the first example of a phenomena which Vening Meinesz and others have subsequently shown to be of widespread occurrence particularly on the outer edges of island arcs. These strips form part of a complex of topographic, seismic and volcanic phenomena which is probably associated with mountain building. The one found by Lenox-Conyngham is a sediment-filled trough in front of the Himalayas, but just how such troughs are formed and what is their relation to the deeper structure is still a matter of controversy.
The work of Burrard and Lenox-Conyngham on the deflexions of the vertical and the gravity anomalies in India revived interest in this branch of geodesy, by showing that its results have a wider interest than the mere study and reduction of errors in surveying. In particular Hayford has acknowledged that it was largely the Indian work that stimulated his investigations in the U.S.A.
In 1908 Lenox-Conyngham took leave in England, during which he visited Paris with Sir David Gill in connexion with the provision of a new apparatus for the comparison of standards of length. Later he wrote two papers on the use of invar wires in the measurement of base lines.
On returning to India he spent a year at the headquarters office of the Survey of India in Calcutta where he had charge of map printing and instru ment making. He was then transferred to Dehra Dun and took charge of precise levelling. In 1912 he took leave in England and on return was pro moted to be Superintendent of the Trigonometrical Survey, Burrard being Surveyor General. In 1914 he was promoted to Colonel. In the normal course of events Lenox-Conyngham could have expected to become Surveyor General in 1915, but, after the outbreak of war, it was decided that Burrard's term should be extended. Lenox-Conyngham, therefore, remained Superin tendent until he left India in 1920. The activities of his department were reduced to a low level during the war by the withdrawal of the younger officers to France or Mesopotamia. He visited Bagdad in 1918 to plan the levelling operations which were required by a scheme for the control of the Tigris and Euphrates. Just before leaving for Bagdad he heard that he had been elected a Fellow of the Royal Society; he served on the Council during 1921-1922 and 1934-1936 
O n returning to England he decided to settle in Oxford. He had only been there a few months when he was asked to join a committee which was to consider the prom otion of the study of Geodesy in Cambridge. Soon after the w ar it had been suggested that a N ational Geodetic Institute might be set up. W hen this came to nothing it was hoped that something on a more modest scale m ight be done in Cambridge. Unfortunately, the University could provide no funds for the purpose, and this scheme, too, would have come to nothing had not T rinity College offered to provide a Praelectorship in Geodesy. They were able to do this as Gowland Hopkins was about to vacate a Praelectorship on being made Professor of Biochemistry. The assistance th at T rinity has given in the development of biochemistry and geodesy in Cam bridge is a striking example of the advantages of some diversification in the financing of research; it is im probable th at the study of either subject would have been started when it was if the University had been the sole channel for funds.
The Praelectorship was offered to Lenox-Conyngham. In a speech that he made a few days before he died he described the delight with which he accepted an offer that would transfer him from the rather tedious life of a retired colonel in Oxford to active work in his own subject. He took up residence in Cambridge for the Michaelmas Term of 1921 and was made a Fellow of Trinity. In the next year the University created a Readership in Geodesy for him, but assigned no salary to the post.
The University was now committed to promote teaching and research in geodesy and had been fortunate enough to obtain, at no cost to itself, a m an of outstanding experience and ability. Unfortunately, it was able to devote almost no funds to the subject. A small brick building and a wooden observing hu t were constructed at the back of the Observatory and some obsolete equipm ent was given by the Survey of India. W ith this meagre provision Lenox-Conyngham started to teach geodesy to a small group of under graduates reading for Part 2 of the Geographical Tripos. He gave these lectures for 26 years; they are continued today by J . E. Jackson. They gave a detailed theoretical and m athem atical exposition of triangulation, levelling and geodetic astronomy. The am ount of practical work was limited by lack of instruments and the difficulty of fitting it into the undergraduate time table. The classes were never large, but from 1924 onwards many colonial survey departments sent their officers to Cambridge to take the course and, over a long period of years, a large proportion of those serving in these sur veys received a thorough grounding in the theory and practice of their subject.
It is difficult for a man working entirely alone to prosecute experimental research effectively, the more so when he is without equipment or funds. Lenox-Conyngham decided to try to construct a pendulum apparatus which would be an improvement over that used in India. Sir Horace Darwin, who was Chairm an of Cambridge Instrum ent Company gave financial support and assisted in the design and construction of an instrument in which invar pendulums were swung in air at reduced pressure. Vening Meinesz had then recently introduced the practice of swinging two pendulums in opposite phase to avoid sway of the support and the effects of movement of the ground. This principle was adopted in Lenox-Conyngham's instru ment. The first instrument had a very solid bronze case and proved almost intolerably heavy. Another was constructed of aluminium alloy and holding two pendulums instead of three. This was entirely successful and is still in use for the most precise long distance gravity connexions. Eight instruments have been made in all and have been used in many parts of the world.
Various difficulties were experienced in getting consistent results and Lenox-Conyngham decided that a radical change was required in the timing arrangements. The direct use of radio time signals naturally suggested itself, but he felt that to develop the necessary equipment he required an assistant who was a physicist. Ju st at this time, the University had formed the depart ments studying the earth into a 'Faculty of Geography and Geology'. LenoxConyngham's one man 'School of Geodesy' formed p art of this faculty and became the 'D epartm ent of Geodesy and Geophysics'. Expansion was now possible, and in 1931 H arold Jeffreys was appointed to a readership in geophysics, and a post of demonstrator was instituted to provide an assistant for Lenox-Conyngham. Provision was also made for the appointm ent of a laboratory assistant; as Lenox-Conyngham was indisposed the selection for this post was made by Lady Lenox-Conyngham who selected L. H. Flavill, then a boy of sixteen. This appointm ent had a great influence on the success of the departm ent since the new assistant developed into a designer and maker of instruments of exceptional skill and resource, who is still in charge of the D epartm ent's workshop. To fill the post of demonstrator LenoxConyngham applied to Rutherford, who suggested the author of this notice. Thus by an extraordinary piece of good fortune I met Lenox-Conyngham and secured a job just when the economic depression was at its height and jobs were almost unobtainable. At first I was a little suspicious; I knew nothing of colonels retired from India and nothing of geodesy, but these doubts soon vanished as I got to know him. Looking back I am amazed at the way he encouraged and supported a succession of rather bizarre enterprises.
We started at once on the problem of improving the method of using the pendulum apparatus. A photographic method was developed for comparing the pendulums with wireless signals and every source of uncertainty th at either of us could think of was investigated. The equipment remained essen tially the same until after the war and a long series of measurements was made in many parts of the world.
In 1935 the island of M ontserrat in the West Indies had been suffering severely from earthquakes for two years; the inhabitants, therefore, sent a petition to the Governor of the Leeward Islands asking that the conditions in the island should be scientifically investigated. The Governor sent the peti tion to the Colonial Office who asked the Royal Society to advise them. The Royal Society sent A. G. MacGrigor and C. F. Powell to investigate the
In 1935 B. C. Browne joined the D epartm ent and its work broadened and extended into fields of seismology and geothermal measurement where Lenox-Conyngham had little previous knowledge. He continued to take a close interest, particularly in Browne's work on the measurement of gravity at sea. Here his friendship with Vening Meinesz was of great assistance. He went to great trouble to use his influence and powers of persuasion to raise money and get facilities. I remember in particular the elaborate letters he wrote to landowners asking permission for us to 'make impulses' on their land. These explained in great detail the purpose and nature of the work, but passed rather lightly over the nature of the proposed impulses, which were in fact explosions of up to 15 lb. of gelignite. Nothing seemed seriously to disturb him ; when I confessed that a supposed I.R.A. atrocity described in the morning papers was in fact a departm ental indiscretion with explosives and that the police were looking for us, his only comment was 'I don't think I should tell them, it will be interesting to see if they can catch you.' I think it pleased him greatly to see work going on in his department, research students being attracted to it and papers being published, and to know how much we relied on his advice and judgm ent and on his wide con tacts in scientific and official circles. In the eight years we worked together before the war he was indefatigable in borrowing everything we needed from galvanometers to submarines and survey ships. The money came largely from the Royal Society. He always read the manuscripts of papers written by members of the departm ent with great care and his comments on presentation and gram m ar had a most beneficial influence on the literary style of those working in the department.
In the period between the wars he travelled extensively. He and his daughter attended the Pacific Science Congress in Australia in 1923, visiting the Great Barrier Reef and New Zealand after the Congress. In 1926 they were at the next meeting of the Pacific Science Congress in Tokyo; on the way home he visited Ceylon to enquire whether the Surveyor General con sidered the training that was being given in Cambridge to the Survey pro bationers was satisfactory. He attended the meetings of the International Union of Geodesy and Geophysics in Rome in 1922, in M adrid in 1924, in Lisbon in 1933 and in Edinburgh in 1936. He greatly enjoyed these meetings at which he made many friends and had considerable influence, particularly in the Association of Geodesy.
During the 1939-1945 war he continued his lectures, the audience being largely girls from Girton and Newnham. The experimental work of the departm ent ceased as all those engaged in it went to work for the Navy. He became an Air Raid W arden and was appointed Senior W arden of the Sector whose headquarters were in the dining room of his house at 69 Grange Road. The log-book of this post is now in the library of Trinity College.
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After the war B. C. Browne, L. H . Flavill and I returned to Cambridge, and, with research students, who included M. N. Hill, started work again where it had been left in 1939. We now had the advantage of the improved techniques developed during the w ar and rapid progress was made in seismological and gravity work at sea. In all this Lenox-Conyngham took a keen and knowledgeable interest. This interest continued after his retirem ent and even when he was eighty-nine years of age I received a letter from him asking about the measurement of heat flow at sea, a type of measurement th at had only been developed a few years before.
In 1946 a lunch was held in Trinity to celebrate his and Lady LenoxConyngham's 80th birthdays. It was attended by about sixty friends. Their health was proposed by the Master, G. M. Trevelyan. In reply LenoxConyngham spoke of the many friends he had made in Cam bridge and of his debt to them, to Trinity and to the University for enabling him to have a second career in Cambridge.
In the summer of 1947 he retired from his Readership and from the Praelectorship, but retained his Fellowship of Trinity. For the next nine years he lived quietly in his house in Grange Road, entertaining his friends, dining fairly frequently in College, attending scientific meetings that interested him, and occasionally visiting London for gatherings such as the Royal Society Soiree or meetings of the board of a Ceylon tea company of which he was a director.
In O ctober 1956 he and Lady Lenox-Conyngham attended a lunch to celebrate their 90th birthdays, which both greatly enjoyed. I proposed their health ; in reply he said how fortunate he considered himself to have been. He recalled the pleasant and varied life that he and his family had lived in India and the many friends they had made there and in Cambridge. He gave an account of the history of the D epartm ent of Geodesy and Geophysics and mentioned the satisfaction he had in seeing it established in the house of his old friend, Professor Newall, who had done so much to bring it into being. Not long after this he became unwell and died peacefully after a short illness on 27 O ctober 1956.
Few men can have had so full or so useful a life as Lenox-Conyngham. He had two complete careers, one in India lasting thirty-three years from 1887 to 1920, and the other in Cambridge lasting twenty-six years from 1921 to his retirem ent in 1947. Both were outstandingly successful. His geodetic work in India combined immediate practical importance for survey with a wider importance for our understanding of the structure of the country. In Cam bridge he founded the D epartm ent of Geodesy and Geophysics and built it up to be one of the most im portant centres of geophysical research. He also developed the teaching of surveying during a period when men were needed in increasing numbers by survey services all over the world.
At the party to celebrate his 80th birthday the M aster of Trinity said: 'He is a scholar, a soldier and a great public servant, and he looks all three.' He did indeed, he had a commanding presence and as he grew older became even more dignified and more impressive. The photograph reproduced here was taken when he was about eighty-five, a photograph taken about 1931 may be seen in the Bulletin Geodesique for 1947. Imposing as he was one could not be with him long without some shrewd or entertaining comment showing that here was not merely a dignified and distinguished man, but a wise and sympathetic friend of great experience and wide and humane interests. He had a solid confidence in his position in the world and in the conventions in which he had been brought up; this was well illustrated by an incident that occurred a few weeks before he died. I was his guest at a feast in Trinity and was wearing a white tie and a white waistcoat. He commented on this and explained that, as there was not to be dancing, I should have worn a black waistcoat with my white tie, he seemed entirely unmoved by the fact that he was the only man present who did so. This rigid attitude to matters of con vention was combined with an extraordinary openness of mind in matters of science. W hen new methods or new work were suggested it was usually easy to get his interest and his support. He was always delighted to see the new developments of physics and engineering applied to the problems he had worked on many years before. He never pretended to understand details of the modern equipment, but he liked to be shown how it worked and to discuss projects for using it. This combination of genuine interest, friendliness and lack of pretence enabled him to be outstandingly successful as the head of a departm ent in which most of the staff were forty years his junior.
In his relations with all kinds of people he was at the same time considerate, firm and kindly. I have heard him congratulate a man who had been made a night watchman in a library, telling him how pleased he was that this great responsibility had fallen to him in exactly the words and tone of voice he would have used if the man had been made an Archbishop or Prime Minister.
I have sometimes thought that he was too easily convinced of the abilities of his acquaintances, but this is an amiable fault. He was occasionally critical of people whom he thought had behaved badly or were obstructing some geophysical project, but for the most part he remembered only help and kindnesses received from others. Naturally, he and Lady Lenox-Gonyngham made a host of friends, many of whom count having met them as among the most fortunate events of their lives.
In writing this notice I have made extensive use of notes he left with the Royal Society, and have had the benefit of talks with Lady LenoxGonyngham and Miss Lenox-Gonyngham and of comments on the MS. by Dr de Graaff Hunter. In his notes Lenox-Conyngham says, T have not published anything except Reports in the publications of the Survey of India'; a bibliography given overleaf shows this to be far from true, a more thorough search would probably reveal other publications, but I think it unlikely that I have missed anything of importance.
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